Sample preparation is a crucial step for liquid chromatography-tandem mass spectrometry (LC-MS/MS)-based proteomics. Sodium dodecyl sulfate (SDS) is a powerful denaturing detergent that allows for long-term preservation of protein integrity. However, as it inhibits trypsin and interferes with LC-MS/MS analyses, it must be removed from samples prior to these experiments. The Filter-Aided Sample Preparation (FASP) method is actually one of the preferred and simplest methods for such purpose. Nonetheless, there exist great disparities in the quality of outcomes when comparing FASP to other protocols depending on the authors, and recent reports have pointed to concerns regarding its depth of proteome coverage. To address these issues, we propose an Amicon-adapted in-solution-based enhanced FASP (eFASP) approach that relies on current best practices in comprehensive proteomics sample preparation. Human megakaryoblastic leukaemia cancer cells' protein extracts were treated in parallel with both Amicon-adapted eFASP and FASP, quantified for remaining SDS and then analyzed with a 1-hr gradient LC-MS/MS run. The Amicon-adapted eFASP utilizes a passivated low molecular weight cut-off Amicon filter, and incorporates a cleaning step with a high-content deoxycholate buffer and a 'one-step-two-enzymes' trypsin/Lys-C in-solution digestion. Amicon-adapted eFASP was found more reproducible and deepened proteome coverage, especially for membrane proteins. As compared to FASP, Amicon-adapted eFASP removed much of SDS from high-protein samples and reached a notable depth of proteome coverage with nearly 1,700 proteins identified in a 1 hr LC-MS/MS single-run analysis without prior fractionation. Amicon-adapted eFASP can therefore be regarded as a simple and reliable sample preparation approach for comprehensive proteomics.
Introduction
Proteomics plays an increasingly greater role in diverse clinical settings provided that proteins give an integrative picture of patients' phenotype and an accurate representation of changes in the status of an organism 1 . As such, intense efforts are now directed toward proteomics-based biomarker discovery, disease screening, and medical diagnosis 2 . Accuracy and reliability of bottom-up mass spectrometry (MS)-based proteomics analyses are undoubtedly dependent on the quality of prior sample preparation, which remains very challenging 3 . In fact, sodium dodecyl sulfate (SDS) is a powerful anionic detergent and one of the most widely used reagents for solubilisation and denaturation of proteins 4 . By binding amino acids through hydrophobic and ionic interactions, SDS alters proteins' spatial conformational structure and inhibits proteases activity, thus enabling long-term conservation of structurally preserved proteins 5 . In spite of all its advantages, SDS significantly suppresses analyte ion signals in electrospray ionization (ESI)-MS, alters the chromatographic separation of peptides during liquid chromatography (LC) 4, 6 , and strongly inhibits trypsin activity 7 , even at very low concentrations, which considerably limits protein identification. Samples therefore require to be completely depleted of SDS prior to digestion and liquid chromatography-tandem mass spectrometry (LC-MS/MS) analysis. However, removing SDS while achieving a high recovery rate is a challenging task and several approaches have been proposed over the years. Methods such as gel electrophoresis separation along with in-gel digestion, protein precipitation and dialysis have shown variable efficacy, low reproducibility and limited routine applicability. Among the different protein preparation techniques recently developed, spin filter-based sample preparation, a concept first introduced by Manza et al. 8 and further optimized for better detergent removal by Wisniewski et al. 9 -Filter-Aided Sample Preparation (FASP) -, emerged as a promising approach and has already been successfully applied in diverse experimental settings 9-12 . In fact, FASP is among the simplest sample preparation methods for SDS-containing extracts. Operating in an ultrafiltration spin filter device, the method allows samples to be cleaned of SDS with urea prior to on-filter tryptic digestion 13 . Moreover, urea enables usage of filter membrane with a molecular weight cut-off of 30 kDa (30k MWCO), while not compromising depth of proteome coverage, as it ensures unfolding of proteins during the workflow 14 . FASP is also described as a universal sample preparation method as it allows for unbiased proteome representation.
During past years, some groups have raised concerns regarding the depth of proteome coverage achieved with FASP [15] [16] [17] [18] [19] [20] . Furthermore, there exist great disparities in the quality of outcomes when comparing FASP to other protocols depending on the authors and also as noted in practice by laboratories attempting to use FASP. Actually, Liebler and Ham 21 first pointed out the difficulty of removing SDS by filter-aided buffer exchange, an observation further supported by Hustoft et al. 16 . The uncharged chaotrope urea may in fact have a limited capacity to deplete SDS from proteins as it may not completely dissociate negatively charged sulfate heads from basic amino acids. Disruption of these powerful ionic interactions may in fact require substitution of SDS by another anionic surfactant, such as sodium deoxycholate (NaDoc). Moreover, Proc et al. 22 have shown that NaDoc was the most effective detergent to deepen proteome coverage and enhance digestion reproducibility when included in the digestion buffer. As long as its concentration remains below 1%, NaDoc promotes trypsin activity by easing contact between enzyme and cleavage sites [23] [24] [25] [26] . This acid-insoluble surfactant is also MS-compatible as it is readily removed following acidification by either precipitation or phase transfer in organic solvent such as ethyl acetate 24, 25 . Among the other factors possibly explaining the difficulties reported with FASP is the on-filter digestion, as it may have a more limited efficacy compared to the traditional in-solution approach 27, 28 . These issues emphasize the need to fine-tune the FASP protocol with current state-of-the-art techniques in comprehensive proteomics in order to improve its robustness and reliability. As such, Erde et al. (2014) have recently proposed an enhanced FASP (eFASP) workflow to improve proteome coverage of SDSsolubilized protein samples 18 . This protocol, which is currently the only other equivalent alternative to FASP for preparing SDSdenatured proteins, incorporates a passivation step of the Microcon filter device, deoxycholic acid-based buffer exchanges, and a postdigestion phase transfer cleaning of peptides prior to LC-MS/MS analysis. These modifications led to a significant 14-fold increase in proteome coverage as compared to FASP 18 . Although the FASP was designed for use with the flat bottom filter Microcon device (EMD Millipore), several laboratories instead use the Amicon unit with V-shaped oriented filters (EMD Millipore) 15, 16, 19, 29 . Difference between filters may in part explain why Nel et al. (2015) failed to show a significant difference in proteome coverage between eFASP and FASP while using Amicon devices 29 . In light of the striking discrepancy of proteome coverage between these two studies, an enhanced FASP workflow specifically tailored for Amicon filters was required in order to allow more laboratories to benefit from FASP advantages and ease-of-use in proteomics.
Herein, we report a reproducible Amicon-adapted enhanced FASP (eFASP) workflow for comprehensive proteomics that is based on the best practices in sample preparation of SDS-containing protein extracts. The Amicon-adapted eFASP method presents key modifications to the FASP protocol and addresses the above-raised concerns. We compared both methods for SDS removal efficacy, depth of proteome coverage and reproducibility. Our results show that Amicon-adapted eFASP compares favourably to FASP and can therefore be regarded as a new alternative sample preparation approach for proteomics. Preparation of human megakaryoblastic leukaemia (MEG-01) whole cell lysates MEG-01 cells (CRL-2021, ATCC, Manassas, VA) were grown (37°C/5% CO 2 ) in a medium containing 90% RPMI-1640, 10% FBS, 2 mM L-glutamine, 100 U/ml penicillin and 100 µg/ml streptomycin. Adherent cells were scraped into the medium and the resulting suspension was centrifuged at 430 g (5 min/4°C) for pelleting cells. Ice-cold 0.9% NaCl-resuspended cells were again pelleted by centrifugation. Cells were then lysed with a buffer consisting of 2% SDS, 0.1 M Tris-HCl pH 8 and 10 mM DTT, and heated for 7 min at 98°C. Nucleic acids were sheared by probe sonication (Misonix Sonicator 3000, Cole-Parmer, Hills, IL). Unbroken cells and debris were cleared by centrifugation at 16,000 g for 10 min. Sonication and centrifugation were repeated once. The final supernatant was carefully withdrawn, transferred in a LoBind tube and its protein concentration quantified by bicinchoninic acid (BCA) protein assay according to manufacturer's instructions. "Non-SDS" control lysates were prepared with a buffer containing 7 M urea, 2 M thiourea, 4% CHAPS, 1% DTT and 0.5 mM PMSF. Lysates were centrifuged at 16,000 g for 20 min (4°C). Supernatants were removed and transferred in LoBind tubes. Disulphide bridges were reduced following a 1h incubation at 37°C and protein concentration quantified by the BCA protein assay.
Experimental section

Effect of SDS on digestion efficacy
Impact of increasing SDS concentrations (0.01% to 0.30% w/v) on trypsin (FASP) and one-step trypsin/Lys-C (Amicon-adapted eFASP) overnight digestion completion was assessed by Coomassie-stained 12% and 18% SDS-polyacrylamide gel electrophoresis (PAGE). SDS-free cell lysates were prepared by probe sonication of 50 mM ABC-resuspended MEG-01 pellet followed by 16,000 g centrifugation (10 min). Sonication and centrifugation were repeated once on collected supernatant. Lysates were solubilized in 6 M urea, reduced for 60 min at 37°C with 10 mM DTT and alkylated by 30 mM iodoacetamide for 30 min. One hundred-microgram whole cell lysate aliquots were next diluted six-fold in ABC buffer and digested in increasing concentrations of SDS 5 . Half of samples were afterward incubated for 12h at 37°C in the presence of (1) trypsin (enzyme-to-protein ratio 1:100 w/w) or (2) trypsin/Lys-C Mix (ratio 1:25 w/w) for proteolysis. Digested samples were next mixed with SDS loading buffer, heated and half the volume loaded onto a 12% SDS-PAGE while the other half was loaded on an 18% SDS-PAGE. Gels were subsequently stained for 3h in a Coomassie solution and scanned with an Odyssey ® Infrared Imaging System (LI-COR Biosciences, Lincoln, NE).
Spectrophotometric quantification of SDS
The SDS concentration was measured according to Rusconi et al. 30 by recording the absorbance (438 nm) (Ultrospec 2100 pro, Biochrom, Holliston, MA) of a stains-all dosage solution mixed with 1 µl of sample ( Supplementary Table 1 ). To assess the assay's specificity, we performed interference studies with all solutions and SDSfree biological samples used in FASP and Amicon-adapted eFASP protocols. The complete list of tested compounds is presented in Supplementary Table 2 .
Filter-based sample preparation: FASP and Amicon-adapted eFASP Refer to Figure 1 for a detailed study flowchart (see also Supplementary Table 3 ).
Filter prerinsing
Prior to protein purification, every non-passivated filter unit has been thoroughly rinsed following manufacturer's instructions. A first cleaning spin (14,000 g/15 min [30k]/25 min [10k]) with 0.05 M NaOH was followed by a final spin with 500 µl of MS-grade H 2 O.
Filter-Aided Sample Preparation (FASP)
Thirty-microliter aliquots (150 µg proteins) of MEG-01 total extract were purified by the FASP protocol 9 . Aliquots were either dispensed to prerinsed Amicon Ultra-0.5 ml 10k filters (A10k) or Amicon Ultra-0.5 ml 30k filters (A30k). Every experiment was performed in triplicate (n=3). The FASP protocol was followed exactly as described by Wisniewski et al. 9 . Briefly, samples were washed twice with 200 µl of 8 M urea in 0.1 M Tris-HCl pH 8.5 and spun at 14,000 g for 15 min (30k) or 30 min (10k). Flow-through was discarded from collection tube and 100 µl of 50 mM iodoacetamide solution in 8 M urea, 0.1 M Tris-HCl pH 8.5 was added to each filter unit. After mixing filter content well for one minute, cysteines were alkylated at room temperature in the dark for 20 min without shaking. Excess iodoacetamide was then removed by spinning at 14,000 g for 10 min (30k) or 30 min (10k). Samples were further washed thrice with 100 µl of 8 M urea in 0.1 M Tris-HCl pH 8.5 and centrifugation resumed each time for 15 min (30k) or 30 min (10k) at 14,000 g. Three final buffer exchanges were performed by adding 100 µl 50 mM ABC followed by a 14,000 g spin for 10 min (30k) or 30 min (10k) and filtrates were discarded. Classically, FASP would have included an on-filter digestion. However, since our preliminary experiments using Amicons have shown suboptimal protein identifications and reproducibility with this approach, it was not further investigated and digestion has instead been performed in-solution. Precisely, concentrated samples were first recovered through a quick inverse spin of Amicons (1,000 g/5 min), thereafter transferred in a LoBind tube, diluted with 40 µl of ABC, dosed for residual SDS, and trypsin-digested (ratio 1:100 w:w) overnight (37°C) in solution.
Proteolysis was quenched with 2% final (v:v) FA. Peptide yields were assessed before and after solid phase extraction (SPE) with the BCA assay on a NanoDrop-2000c.
In parallel, 150-µg aliquots of "non-SDS" lysate were also FASPprocessed to confirm that nucleic acids and proteins do not interfere with the SDS colorimetric assay.
Amicon-adapted enhanced Filter-Aided Sample Preparation (eFASP) (see Supplementary Protocol) When required by the protocol, filter units and collection tubes were filled with a 5% (v/v) Tween-20 solution in MS-grade water and soaked overnight at room temperature for passivation. Before use, passivated materials were twice immerged in water for 10 min with low-speed shaking. Filters and tubes were next twice filled with water and centrifuged at 14,000 g for 15 min (30k) or 25 min (10k).
A total of 20 fifty-microliter aliquots (150 µg of proteins) of MEG-01 lysate were purified by the Amicon-adapted eFASP protocol, corresponding to 10 samples per type of filter (A10k and A30k) (see Supplementary Table 3 ). Lysates were mixed with iodoacetamide (50 mM final concentration), diluted to a volume of 500 µl with 8 M urea in 0.1 M Tris-HCl pH 8 and kept in dark for a 30-min alkylation. Samples were then deposited onto filter devices for centrifugal concentration at 14,000 g for 15 min (30k) or 30 min (10k). The flow-through was discarded, as was systematically the case following each subsequent centrifugation. SDS removal was initiated by adding 500 µl of 4% (w/v) NaDoc in 8 M urea to filter units, inverting devices thrice to mix the content well and centrifuging for 30 min (30k) or 45 min (10k). Two more washing steps were performed with urea by filling devices to completeness, inverting filters and spinning for 15 min (30k) or 30 min (10k). Excess urea was then removed with two buffer exchanges during which devices were filled with ABC and spun for 20 min (30k) or 30 min (10k). Protein recovery prior to in-solution digestion was performed by an inverse spin of Amicons in new collection tubes (1,000 g/5 min), either passivated or not. Proteins were diluted to a final volume of 150 µl with ABC, mixed with trypsin/Lys-C Mix (ratio 1:25 w:w) in a LoBind tube and digested for 12 h at 37°C.
Samples were cleaned from residual SDS and NaDoc using either precipitation or phase transfer as described below. Yields were calculated with the BCA assay next to (1) precipitation or phase transfer and (2) SPE. The concentration of SDS in purified samples was measured prior to digestion and next to precipitation or phase transfer. Before digestion, a first measurement of SDS was carried out after addition of 40 µl of ABC and a second after addition of the remaining ABC (150 µl final volume). Again, 150-µg aliquots of "non-SDS" control lysate were processed by Amicon-adapted eFASP to assess the stains-all colorimetric method's specificity.
Precipitation and phase transfer
Following Amicon-adapted eFASP, two methods for simultaneous SDS and NaDoc removal were compared: precipitation and phase transfer. The precipitation protocol is based on Zhou et al. 5 and Zhou et al. 24 , with minor modifications. Briefly, samples were mixed with an equal volume of 4 M KCl, acidified with 2% FA and peptides were collected in the supernatant after centrifugation at 15,700 g for 15 min to pellet the potassium dodecyl sulfate (KDS) and deoxycholate precipitates.
The phase transfer procedure has been adapted from Masuda et al. 25 and Yeung and Stanley 31 . First, an equal volume of 4 M KCl was added to each sample, as well as 1 ml of water-saturated ethyl acetate. Samples were then centrifuged at 16,000 g for 1 min to allow separation of organic and aqueous phases. Part of the KDS-containing organic phase was discarded, leaving approximately 1 mm of the ethyl acetate layer to avoid loss of aqueous-soluble peptides. The extraction was repeated once with 600 µl of ethyl acetate before acidification with 2% FA, after which deoxycholic acid was removed by three rounds of ethyl acetate extraction. Samples were next vacuum dried for 10 min to remove the remaining organic solvent.
Residual sodium deoxycholate in Amicon-adapted eFASPprepared samples Unlike SDS, NaDoc cannot be quantified with the stains-all colorimetric assay. We therefore estimated its residual concentration in Amicon-adapted eFASP-prepared samples by visually comparing their deoxycholate acid-precipitated pellet with various concentrations of acid-precipitated NaDoc (standard curve).
Processing limits of Amicon-adapted eFASP
To evaluate the processing capacities of Amicon-adapted eFASP regarding the highest amount of protein and the largest volume of sample that can be purified with no decrease in the effectiveness of SDS cleaning, we treated nine different samples containing various quantities of proteins and an equal number of volumes of lysate with A10k-and A30k-based Amicon-adapted eFASP. The remaining SDS concentration was quantified by the stains-all assay 30 . 'Protein' experiments were carried out with the lowest volume of lysate possible (<60 µl) and amounts of proteins ranged between 100 and 600 µg as initially measured by BCA protein assay. For 'volume' experiments, 50 µg of protein extract solubilized in lysis buffer volumes varying between 30 and 300 µl were used. 
Solid phase extraction
Data analysis
Protein identification was performed with ProteinPilot V4.5 beta (AB SCIEX) with the instrument pre-set for TripleTOF 5600, iodoacetamide as cysteine alkylation and urea denaturation as special factor. Thorough search with false discovery rate analysis was performed with biological modification emphasis against Human UniProtKB/Swiss-Prot Release 2014_01. For protein identification and data analysis global false discovery rate was set at 1% and local false discovery rate was set at 5%. A combined ProteinPilot analysis of data acquired by each replicate of a specific protocol was also performed to generate a separate list of confidently identified proteins. Both combined and individual analyses of replicates are reported in the manuscript, the results of the latter being expressed unless otherwise indicated as: average ± standard deviation (SD) for the replicates. Note that in FASP and Amicon-adapted eFASP without passivation, data were summarized from triplicate experiments. In Amicon-adapted eFASP protocols with passivation, data were summarized from duplicate experiments. Chromatogram review and peak area information was performed with PeakView Software (AB SCIEX). Gene Ontology (GO) analyses were based on the PANTHER Classification System (v9.0) described by Mi et al. 32 . A Homo sapiens genome-wide data analysis was performed on every protein ID lists generated by combined ProteinPilot analysis of replicates and accessions searched for 'Molecular Function', 'Biological Process' and 'Cellular Component' classes and subclasses.
We assessed the reproducibility of FASP and Amicon-adapted eFASP by manually inspecting the total ion currents (TIC) chromatograms of each protocol. For quantitative results, we extracted and cumulated, for each replicate, the intensity (area under the peak) of the five most intense peptides from the five most abundant identified proteins (25 peaks total) per protocol. Likewise, peptide retention time was compared between replicates. The identity of these five proteins was determined by the combined Protein Pilot analysis of each replicate's data. We then averaged the total cumulated intensity of the 25 peaks for every replicate, and compared protocols on the basis of the average cumulated peaks intensity and the resulting coefficient of variation (see Equation 1 below) . We also performed the same analysis with the average peak height. Briefly, a cumulated peak height for each of the five proteins was calculated by adding up the peak height of each of its five most intense peptides. For every single replicate, a global peak height was obtained by averaging the cumulated peak height of the five proteins. Then, the global peak heights were averaged for all protocols (see Equation 2 below).
Equations 1: Average cumulated signals intensity.
The five most intense proteins along with their five most intense peptides for a given protocol were selected according to the combined Protein Pilot analysis of each of its replicate's data.
(1) Protein signal intensity = intensity of peptide 1 + intensity of peptide 2 + intensity of peptide 3 + intensity of peptide 4 + intensity of peptide 5
(2) Replicate cumulated signal intensity = Protein signal intensity 1 + Protein signal intensity 2 + Protein signal intensity 3 + Protein signal intensity 4 + Protein signal intensity 5
(3) Protocol average cumulated signals intensity = (cumulated signal intensity of R1 + cumulated signal intensity of R2 + cumulated signal intensity of R3)/3
Equations 2: Average peak height. The five most intense proteins along with their five most intense peptides for a given protocol were selected according to the combined Protein Pilot analysis of each of its replicate's data.
(1) Protein cumulated peak height = peak height of peptide 1 + peak height of peptide 2 + peak height of peptide 3 + peak height of peptide 4 + peak height of peptide 5
(2) Replicate global peak height = (Cumulated peak height of protein 1 + protein 2 + protein 3 + protein 4 + protein 5)/5
(3) Protocol global peak height = (global peak height of R1 + global peak height of R2 + global peak height of R3)/3
Results and discussion
Few reliable and reproducible sample preparation methods are available for proteomics-based biomarker discovery, especially when conducted with SDS-solubilized biological samples. FASP is certainly one of the most efficient and simple available methods for such experiments, especially as it has been successfully applied to a variety of different samples including clinical material 10-12 . Nevertheless, as is the case with every other sample preparation method, FASP is not a processing method that works optimally with all biological samples and in every experimental setting [15] [16] [17] [18] [19] [20] . In light of the very extensive literature on 'best practices' in sample preparation for proteomics experiments, we sought to tailor the FASP workflow for the Amicon filter device in order to improve its analytical performances. In this regard, we designed the Amicon-adapted eFASP, a complementary sample preparation method that introduces key modifications to the FASP and that is intended to improve proteome coverage and reproducibility. Among these modifications are: a passivation of the filter unit for improving SDS removal and peptide yields, a critical cleaning step with a high-content NaDoc buffer, and the substitution of on-filter for in-solution 'one-step-two-enzymes' trypsin/Lys-C digestion 33, 34 . In this study, we extensively characterized the analytical properties of the Amicon-adapted eFASP by comparing it to the classic one-step digestion FASP approach 9 during shotgun proteomics experiments.
The extensive characterization of the human cancer cell MEG-01 proteome (a model of human leukemic megakaryoblast) is also described for the first time herein.
Effect of SDS on digestion efficacy
In agreement with Zhou et al. 5 , we confirmed the extreme sensitivity of trypsin to low concentrations of SDS, with complete digestion being achieved for samples containing ≤0.05% SDS (Figure 2A and Supplementary Figure 1A ). The upper tolerable SDS limit is however not known for combined trypsin and Lys-C. Specifically, we found that optimal trypsin/Lys-C digestion efficacy, in a ratio of 1:25 w/w as is used in the Amicon-adapted eFASP protocol, was achieved for SDS concentrations ≤0.07% and that this combined proteolysis performed better than trypsin alone in higher SDS concentrations ( Figure 2B and Supplementary Figure 1B) , likely due to the greater stability of Lys-C in denaturing conditions 25 . The enzyme-to-protein ratio of 1:25 w/w in Amicon-adapted eFASP, representing a fourfold increase as compared to FASP, was chosen because it was previously shown preferable in comprehensive proteomics 16 .
Removal of SDS SDS is not easily removed from proteins to which it binds strongly through ionic and hydrophobic interactions 5 . In FASP, usage of a washing buffer composed solely of urea has been assumed to be sufficient to completely deplete the SDS from up to 30 µl of a small protein extract (≤250 µg) 9,13,14 . However, this assumption was supported by the measurement of the residual detergent concentration in a FASP-cleaned 100-µl 2% SDS protein-free lysis buffer 14 . Rationally, the processing of a cell lysate would have been more appropriate for this purpose, especially as proteins are strongly bonded to SDS and may lower its critical micelle concentration (CMC ~6-8 mM) 35 , which can greatly impede its elimination (http://www.millipore.com/techpublications/tech1/6djp7f, EMD Millipore). Indeed, SDS micelles are not readily filtered by 30k and 10k MWCO membranes as their molecular weight is ~18-40 kDa 14 . Furthermore, urea is an uncharged chaotrope that disrupts hydrogen bonds and hydrophobic molecular interactions 36 . It enables the dissociation of SDS nonpolar tails from proteins but may not be as effective for disrupting the ionically bonded sulfate heads. We reasoned that introduction of the weak anionic surfactant NaDoc in the Amicon-adapted eFASP workflow would enhance the disruption of these powerful ionic interactions. Therefore, we measured for the first time the residual SDS concentration in Amicon-adapted eFASP-and FASP-processed 150-µg protein extracts.
Owing to incorporation of a cleaning step with a high-concentration 4% (w/v) NaDoc buffer, Amicon-adapted eFASP significantly improves the removal of SDS from high-content protein samples independently of the filter used, and diluting proteins in a final volume of digestion buffer of 150 µl was sufficient to lower SDS concentration below the trypsin-activity-compatible 0.05% threshold for all conditions (Figure 2C and Supplementary Table 4 ). We also found that 4% NaDoc as used in the present Amicon-adapted eFASP version was more effective than 0.2% deoxycholic acid as is used in Erde's eFASP 18 for removing the SDS (Supplementary Table 5 ). In fact, among the ten different NaDoc concentrations (ranging from 0.1 to 5%) tested during Amicon-adapted eFASP designing, a single wash with 4% NaDoc was the most effective approach to deplete the SDS. Moreover, as exemplified by the complete depletion of SDS from FASP-processed samples containing <100 µg of proteins, the efficiency of filter-based SDS removal is tightly related to the initial amount of protein in the sample. This is further supported by the fact that recent experiments in which FASP led to lower-than-expected protein identifications have used >100 µg of proteins [15] [16] [17] [18] [19] . Equally important for efficient depletion of SDS is the starting volume of the sample, which was different in Amicon-adapted eFASP (50 µl) and FASP (30 µl). In fact, samples must be sufficiently diluted during buffer exchanges to minimize formation of unfilterable SDS micelles. This is more readily done with Amicon-adapted eFASP as the buffer volume is beneficially increased to 500 µl throughout the protocol, relative to the 200 µl in the FASP. Thereupon, when purifying <30 µl of a 150-µg protein extract with Amicon-adapted eFASP, SDS is almost completely (<0.05%) removed with both 10k and 30k filters. Of note, modifications brought by the Amicon-adapted eFASP protocol extend the processing limits to 50 µl/400 µg and 125 µl/600 µg for 10k and 30k filters, respectively (volume/protein) ( Supplementary Table 6 , Supplementary Table 7 ). Minimizing nonspecific protein and peptide binding to filter device's plastic walls and membrane by passivation is possible with Tween-20 and SDS 18 . This reasonably implies that SDS present in the sample may bind to non-passivated filter reservoir's surfaces and may not be completely removed despite buffer exchanges, further explaining the difficulty of removing it from spin filter-processed proteins. This may however be prevented by pre-treating filters with Tween-20. As such, lower concentrations of SDS were achieved in samples eFASP-processed with passivated Amicon filters (Supplementary Table 4 ). In sum, Amicon-adapted eFASP efficiently eliminates SDS by combining a passivation of the filter device, an increase of exchange buffer volume and an incorporation of a highconcentration NaDoc-based cleaning step. These features respectively prevent non-specific binding of SDS to device's surfaces, minimize formation of unfilterable SDS micelles and ease dissociation of ionically bonded SDS from basic amino acids.
Peptide yields
Amicon-adapted eFASP provided 10% higher peptide recoveries for each type of filter as compared to FASP ( Figure 2D and Supplementary Figure 2) . The better yields of Amicon-adapted eFASP may be attributed to the filter passivation (Supplementary Table 4 ) and to its reduced number of centrifugations.
Proteome coverage
We next aimed to evaluate if Amicon-adapted eFASP compares favourably to FASP in regard to depth of proteome coverage. We found that Amicon-adapted eFASP noticeably deepened the MEG-01 cell's proteome coverage relative to FASP ( Figure 3A, B and Table 1 ). The lower concentrations of SDS remaining in samples after Amicon-adapted eFASP protocols, which were lower than the trypsin/Lys-C activity-compatible threshold, may in part explain the difference in proteome coverage. A considerable number of peptides/proteins were confidently identified (1% false discovery rate) in the three replicates of the Amicon-adapted eFASP/ A10k/PPT protocol: 6,479/1,595, 6,567/1,596 and 6,424/1,603. The delivery rate was accordingly very high, with 27 proteins identified per minute, and the combined peptides-to-protein ratio was close to 6.0, an increment of 1 peptide per protein relative to FASP. This Amicon-adapted eFASP protocol (i.e. A10k/PPT) is the least variable regarding the number of identified peptides (coefficient of variation [CV] = 1.1%) and proteins (CV = 0.28%) per replicate. Combined analysis led to the identification of 12,431 peptides and 2,177 proteins, a significant increase of 200% for peptides and 150% for proteins compared to FASP with a 30k MWCO filter. Moreover, the protein overlap is ≥70% between the Amicon-adapted eFASP/A10k/PPT protocol and every other single one ( Figure 3C and Supplementary Table 8 ). Along with improvements in SDS removal and peptide recoveries, passivation increased peptide and proteins identifications by 7% and 6%, respectively. There is also ≥80% homology among the proteins identified by a passivated Amicon-adapted eFASP approach and its non-passivated equivalent. In conjunction with the Amiconadapted eFASP/A10k/PPT protocol, passivation yields identification of 1,662 and 1,698 proteins, for the two replicates. In light of the previous results, it seems clear that passivation of filter, simultaneous trypsin/Lys-C in-solution digestion and incorporation of NaDoc to enhance both removal of SDS and enzyme activity, were beneficent for the workflow. In fact, the concentration of residual NaDoc in Amicon-adapted eFASP digestion buffer as assessed by precipitation ranged between 0.20% and 0.35%. This concentration is known to significantly improve digestion reproducibility and to facilitate proteolysis of membrane and hydrophobic proteins 22, 25, 37 . As logically expected with a lower MWCO filter, fewer proteins were lost in A10k-based Amicon-adapted eFASP protocols, enabling the identification of more proteins. The opposite finding in FASP might be explained by the lower digestion efficiency achieved for A10k-processed samples due to higher concentrations of residual SDS, leading to loss of incompletely cleaved polypeptides during SPE.
Finally, it is worth noting that phase transfer-based Amicon-adapted eFASP protocols yielded 20% lower protein identifications as compared to precipitation-based ones ( Table 1 ). This is in good agreement with Lin et al. 37 and might have been caused by loss of ethyl acetate-miscible hydrophobic peptides and incorporation of peptide-containing water droplets in the organic phase during the extractions 31 . Moreover, there is no significant difference in sequence coverage and mean molecular weight of identified proteins among protocols ( Supplementary Figure 3 - Supplementary  Figure 5 and Supplementary Table 4 ).
Amicon-adapted eFASP is the first method to enable the identification in only one hr of nearly 1,700 proteins in a single analysis and 2,200 proteins in three separate runs from minimally prepared and non-fractionated SDS-solubilized lysates. To our knowledge, this is also the first study to achieve an identification yield this high in one hr with a 15-cm column, favourably comparing to Hebert et al. 38 that reached 3,977 identifications with a 35-cm column.
The complete list of peptides and protein IDs identified by each protocol with both combined and individual analyses of replicates can be found in Supplementary Dataset 1-Supplementary Dataset 11. Methods' reproducibility Visual appraisal of TIC identified Amicon-adapted eFASP/A10k/ PPT as the most reproducible protocol, which is further improved for significant signal enhancement throughout the gradient by passivation (Figure 4 , Figure 5 and Supplementary Figure 6D) . Noteworthy, the TIC spectra of each replicate are almost perfectly superposed one to another in these two protocols as exemplified by the ~6.5% CV in the cumulated intensity and global peak height. In fact, combination of precipitation and passivation always provided the strongest signal and the highest reproducibility for both Amicon 10k and 30k when used in the Amicon-adapted eFASP workflow ( Supplementary  Figure 6-Supplementary Figure 8 ). Signal suppression from remaining SDS seems to be present in both FASP/A10k and FASP/A30k chromatograms, which might also have contributed to the lower identification yields of FASP ( Figure 4C and Supplementary Figure 6A ). Indeed, it was previously shown that ≥0.01% (w/v) SDS significantly suppresses analyte ion signals and dramatically reduces protein identification in bottom-up proteomics approaches 4 .
Gene Ontology
Broad and unbiased proteomics representation of subcellular compartments is a prerequisite for successful protein biomarker discovery. There were some differences in Gene Ontology (GO) cell component annotations between FASP and Amicon-adapted eFASP protocols, with more membrane and mitochondrion proteins, as well as more protein complex annotated in the latters ( Figure 3D ). On the other hand, the Amicon-adapted eFASP/passivated A10k/PPT protocol provided the highest combined GO annotations for nuclear and membrane proteins ( Supplementary Figure 9) , likely owing to the presence of NaDoc in the digestion buffer. Indeed, NaDoc helps to solubilize and expose membrane proteins' cleavage sites to trypsin 26 , leading to an increase of their identification as previously shown 18, [23] [24] [25] 37 .
In summary, our Amicon-adapted eFASP protocol is an optimized Amicon unit-based sample preparation approach that provides efficient removal of SDS, high reproducibility, deep proteome coverage and enhanced identification of membrane proteins. Amiconadapted eFASP enabled the identification of 1,700 proteins from SDS-solubilized proteins with minimal sample preparation and no fractionation, within a single run one-hr liquid chromatography and using a 15-cm column. Its implementation in proteomics may therefore improve the identification of high-confidence and significant biomarkers. 
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Click here to access the data.
Reply from authors
Thank you very much for your valuable input on our paper and datasets. Below you will find detailed explanations to all of your comments. We would also like to apologize for the delay in making this response. Unfortunately, we were waiting for the comments of the second reviewer before making changes to our paper and we are still waiting for them.
First, the datasets have been restructured and modified according to the proteomic publication criterion of the journal (MCP publication standards Molecular and Cellular Proteomics ). We are now http://www.mcponline.org/site/misc/Required_Manuscript_Guidelines_06-01-15.pdf providing new valuable information in the datasets, which may help to understand the purpose of our work. Precisely, protein identification reports, peptide summaries and peptide to spectra identification reports as well as the False Discovery Rate (FRD) tables (FDR analysis for protein, peptide and peptide to spectra match) are now presented in our supporting information. We also corrected the columns with no data, which have been inadvertently introduced in the dataset. In fact, there was probably a problem with data transfer from our analysis software. Everything is now corrected.
Second, we apologize for the possible lack of clarity regarding the type of data analysis we performed in this study, which may have shed some confusion on the few proteins listed as identified with "0 peptide". ProteinPilot unlike Mascot and Sequest reports 2 types of FDR score. The standard FDR analysis, termed global FDR, with a cut-off set at 99% (1% of the list would be accepted as a bad identification) is what we have used because we were not looking at particular and precise protein within the list. We were indeed performing shotgun and large-scale analysis for looking at the general tendency of protein identification between the different methods. However, when you look at a particular protein within the data set, it is recommended to use the local FDR (with a cut-off set at 95%) analysis that use a non-linear fitting model as published in Tang et al. (2008) .
Also we would like to provide additional information regarding the different FDR analysis using Proteomics System Performance Evaluation Pipeline Software (PSPEP) from AB SCIEX: About Global and Local False Discovery Rates One of the main benefits of the PSPEP analysis is that it provides error estimation using a variety of methods and for a range of thresholds. FDRs can be divided into two categories -local and global. The local FDR estimates the "local" error rate around a given identification, which indicates the likelihood that that the specific identification is incorrect. The global FDR estimates the error rate of the whole "global" set of answers defined by a threshold value. That is, the global FDR tells you the likely error rate of the entire set of identifications with scores as good as or better than the threshold. PSPEP calculates the global FDR in two different ways:
Using the conventional q-value approach Using a fitted curve as a smoothing tool, to provide a more reproducible estimate For global FDRs, evaluate the quality of the global FDR from fit using the Nonlinear Fitting plot. If the fit is good, the global FDR from fit is probably more accurate than the conventional global FDR. But if the fit is poor (or fails), the global conventional FDR is clearly better. It is important to understand that in the set with 5% global FDR, there are proteins that may have local error rates much higher than 5%. The type of FDR you use and the threshold setting you select, depend on your purpose. In general, local error rates are more meaningful, but global error rates can generally be determined with higher precision, so global FDRs may be better for some comparison purposes.
purposes.
Even though using the results obtained with the local FDR setting would change the total number of proteins in each group, this change should be coherent with the data quality of each group. Below is an example showing that changing the FDR cut-off does not really change the "tendency" and the "general meaning" of the data.
Figure 1 (link)
Concerning the "0 peptide-based" protein identification, these results are based on unique and over 95% confidence ProteinPilot peptide specific score (see below for explanation). One should also look at protein coverage based on confidence since ProteinPilot reports three score-based coverage (95%, 50% peptide confidence-based coverage, as well as overall coverage).
Example of a "0 peptide" identified protein.
The 95% local peptide FDR for FASP A10k indicates that 5363 peptides are valuable (N=5363). This corresponds to a ProteinPilot score of 94%. In the other hand, the 95% global peptide FDR indicates that 5755 peptides are valuable (N=5755). This corresponds to a protein pilot score of 89%. If we look at protein # 1174, which falls within the global protein 99% FDR cut-off but presents a "0 peptide" feature, and look at its corresponding peptide we see that the ProteinPilot score of this corresponding peptide is 94.92. This score is below both local and global FDR cut-off, meaning that we have actually identified the protein with one good peptide. Also, if you look at the "% coverage (50%)" column you can see that we can identify 2,4% of the protein; it correspond to the peptide itself. However, doing this exercise is exactly what should not be done with protein that fall only within the 99% global protein FDR cut-off and it is advised to use the 95% local protein FDR cut-off if the intention is to look at particular/precise protein identification. Within the 95% local protein FDR cut-off you will find most of the proteins with one high quality peptide, redundant acquisition of that peptide or more than one peptide. No competing interests to disclose. Competing Interests:
